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PURPOSE: To obtain a soil activator capable of promoting the decomposition and decay 
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SPECIFICATION /249* 

1. Title 

Method for Preparing Soil Activator Consisting Mainly of Soil 
Active Bacteria and Fungi 
2 . Claims 

(1) A method for preparing a soil activator comprising 
cultivating soil active bacteria and fungi that are involved in 
decomposition and humification of organic matter, subsequently 
blending special micronutrient sources, such as organic nitrogen 
sources, vitamins, trace growth factors, etc., that these bacteria and 
fungi require, and forming the mixture into a solid, using limestone 
powder, perlite, vermiculite, zeolite, diatom earth, basic rock powder, 
etc., as the extender-carrier. 

(2) The method for preparing a soil activator stated in Claim 1, 
wherein methods for cultivating actinomycetes , filamentous fungi, 
yeast fungi, bacteria of the Bacillus subtilis group, etc., are 
employed . 

3. Detailed Description of the Invention 

The soil-active bacteria and fungi mentioned in the present 
invention are cellulose-decomposing or hemicellulose-decomposing 
bacteria that are mostly thermophilic bacteria, pectinaceous 
substance-decomposing bacteria, purple non-sulfur bacteria, 
* Number in the margin indicates pagination in the foreign text. 
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actinomycetes , filamentous fungi, yeast fungi, and heterotrophic 
bacteria (bacteria of the Bacillus subtilis group) , which have a major 
function in decomposition and humification of such organic matter as 
animal and plant remains that are present in or added to the soil, 
manure, [illegible], or composts. The present invention pertains to a 
method according to which these microbes are cultivated to obtain 
seeds, which are preserved and disseminated in such a manner that 
their proliferation and activities in the soil are activated so as to 
bring about fermentation and humification of organic matter naturally, 
quickly, and reliably, and also according to which the extender- 
carriers, which are disseminated simultaneously with the microbes, 
improve and enhance the physical and chemical properties of the soil 
and also increase the degree of biological activity of the soil. 

In the postwar era, the use of chemical fertilizers and 
agricultural chemicals in large quantities improved the yields of the 
agricultural lands in Japan remarkably, but it also brought about the 
destruction of the living environment for humans and of the natural 
environment, agricultural pollution, and deterioration of the soil. As 
the soil deteriorates, beneficial microbes are deprived of air, water, 
nutrients, temperature, and their habitats, and the fertile cultivated 
land becomes barren; thus, the soil is condemned to death. The death 
of the microbes in the soil is a natural result of it. /250 
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Fertile soil, or rich soil fertility, is the result of inducing 
the activity of soil microbes by the application of high-quality 
organic matter and deep tillage so as to accumulate true humus in the 
soil as a physically and chemically, as well as a biologically, stable 
substance; thus, the humus in the soil is the foundation of fertility. 
Humus is rich in organic nitrogen and has the function of absorbing, 
retaining, and chelating cations, which are plant nutrients, and also 
has the effects of, for example, forming a crumb structure in the soil 
and of inducing microbial activities, thus rendering itself a very 
important substance in agriculture, and the physical and chemical 
properties of the soil are deeply related to the soil microbial 
properties . 

It is said that 1 g of fertile soil contains 1 million to 10 
million microbes and that the fresh weight of such living organisms as 
bacteria, filamentous fungi, actinomycetes , etc., is 300 to 500 Kg per 
10 ares; thus, numerous microorganisms, which can be better described 
by the adjective "countless," inhabit soil. These microorganisms with 
varieties of abilities carry out various kinds of work so as to 
sustain their life activities. When the delicate workings of these 
microbes are considered, "the soil is alive" is a true saying, but, of 
course, it does not mean that the soil per se has a life. It is 
referring to the biochemical changes brought about by assorted small 
creatures in the soil, and a mass of soil, like one living body, has 
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various strong abilities that cause various substances to undergo 
chemical changes. Since these substance changes are chemical reactions 
caused by living organisms, they are referred to as biochemical 
changes, and the abilities to bring about these changes or their 
degrees are referred to as soil activities. That is to say, soil 
activities are mostly derived from microorganisms. 

Moreover, soil is not a simple efflorescence of rocks. Soil is a 
"handiwork of nature," which was created from rocks' efflorescence and 
organic matter by microorganisms over long periods of time according 
to the laws of nature regarding material recycling, and it is 
constantly changing and moving. Each soil has its own history and 
undergoes formation, growth, and rise and fall. The soil functions as 
if it were one life or one society. Microorganisms are an important 
constituent of the soil along with the aforesaid two components, and 
they are also the key factor for the rise and fall of the soil. 

Accordingly, the objective of the present invention is to bring 
about and also promote the decomposition and humification of organic 
matter more reliably and naturally by artificially cultivating 
microorganisms, such as thermophilic cellulose-decomposing bacteria, 
hemicellulose -decomposing bacteria, pectinaceous substance -decomposing 
bacteria, purple non-sulfur bacteria, actinomycetes , filamentous fungi, 
yeast fungi, heterotrophic bacteria (bacteria of the Bacillus subtilis 
group), etc., which are involved in the humification and fertilization 
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of organic matter, and by actively disseminating and propagating them 
in the soil as seeds, thus increasing their concentration in the soil. 
Here, limestone powder, vermiculite, and other environment-adjusting 
agents, which are blended as the extender-carrier in the activator of 
the present invention, as well as special micronutrients are 
absolutely essential ingredients that improve the soil environment as 
the habitat of microorganisms and various growth conditions and that 
artificially maintain the succession of the soil ecosystem and a 
balance in the microorganism phases, thereby making the proliferation 
and actions of the soil active bacteria and fungi more effective. 

The present invention is composed of the following five process 
steps: © cultivation of anaerobes or facultative anaerobes, such as 
thermophilic cellulose-decomposing bacteria, hemicellulose-decomposing 
bacteria, pectinaceous substance-decomposing bacteria, purple non- 
sulfur bacteria, etc.; © cultivation of aerobes, such as 
actinomycetes , filamentous fungi, yeast fungi, and heterotrophic 
bacteria (bacteria of the Bacillus subtilis group) ; © addition of 
special organic nitrogen sources, vitamins, and trace growth factors; 
© formulation of an extender-carrier by blending limestone powder 
with perlite, vermiculite, or other materials; and © formulation of 
the soil activator of the present invention by blending the aforesaid 
ingredients . 
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The novel concepts of the present invention that the inventors 
especially want to emphasize are as follows. ® As a result of the 
research by the present inventors, it became possible to carry out the 
mass culture and continuous culture of thermophilic cellulose- 
decomposing bacteria in a semi -permanent manner and to reduce the 
number of days required to cultivate actinomycetes and filamentous 
fungi, which made the adhesion of more spores possible. Owing to these, 
the present invention can use as seeds 42 strains or more of strong 
microorganisms that are involved in the decomposition and 
humification of organic matter. © As the extender-carrier, /251 
in addition to limestone powder, the present invention blends and 
utilizes perlite, vermiculite, zeolite, and any other useful materials 
that exhibit their specificities in improving the physical and 
chemical characteristics of the soil or in conditioning the soil 
environment. (D The micronutrients known to date that are required by 
soil microorganisms are added in as many types as possible and in 
quantities that sufficiently meet the need of the microorganisms. 
1. Cultivation of facultative anaerobes or anaerobes, such as 
thermophilic cellulose-decomposing bacteria, etc. 

® Cultivation of thermophilic cellulose-decomposing bacteria 
Celluloses are found most widely and in large quantities in 
nature. They are found plentifully, especially in wood, straw, etc., 

in which they form cell walls, and they are also contained in almost 
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all vegetative organic substances. Therefore, the decomposition path 
that they go through when they are returned to the soil for 
humif ication and the function, ecology, and the like of the 
microorganisms that are involved in the process are some of the most 
fundamental research topics. What are generally called cellulose- 
decomposing microbes include such types of microbes as bacteria, 
actinomycetes, filamentous fungi, etc., but thermophilic bacteria, 
such as Crostridium thermocellum, Bacillus thermocellulolyticus , 
Bacillus thermof ibrincolus, Bacillus cellulose dissolvens, etc., play 
an important role in the decomposition and fermentation of organic 
matter owing to the fact that their cellulose decomposition power is 
stronger and that they have a broader range of propagation conditions. 

For the cultivation of thermophilic cellulose-decomposing 
bacteria, the Viljoen, Fred, Peterson (1926) medium, which is 
comprised of 5 g of peptone, calcium carbonate in saturation, 2 g of 
ammonium sodium hydrogen phosphate, 1 g of potassium dihydrogen 
phosphate, 0.3 g of magnesium sulfate, 1 g of calcium chloride, ferric 
chloride in a trace quantity, 15 g of cellulose (filter paper), and 
1,000 cc of well water, is used. Part of this medium composition may 
be replaced by natural substances. The cultivation is conducted at 60 
± 5° C under anaerobic or facultative anaerobic conditions for 48 to 
60 hours. 
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© Cultivation of hemicellulose-decomposing bacteria 
Hemicelluloses form plants (cell walls) together with celluloses, 
but they are differentiated from celluloses by their characteristics 
of, for example, readily dissolving in a dilute base and [illegible] 
dilute acid. When hydrolyzed, they produce their constituent 
succharides, such as xylose, arabitose, glucose, mannose, galactose, 
etc. According to which of these components they contain, 
hemicelluloses are called xylan, araban, dextran, mannan, and galactan. 

Of these, xylan is a carbohydrate that is present in nature 
widely and in large quantities, next after celluloses and starches, 
and it is found especially in straw, wood, seed coats, etc., in large 
quantities . 

For the cultivation of hemicellulose-decomposing bacteria, an 
Iwata's medium (1936) in which rice straw xylan is dissolved at a 
concentration of about 1 % is used. The Inata's medium is comprised of 
1 g of ammonium dihydrogen phosphate, 0.2 g of potassium chloride, 0.2 
g of magnesium sulfate crystals, 40 cc of a 0.1 N sodium hydroxide 
solution, and 960 cc of well water, and its pH is 6.8 to 7.0. The 
bacteria are mass-cultured at 35 ± 5° C under facultative anaerobic 
conditions . 

(D Cultivation of pectinaceous substance-decomposing bacteria 
Substances, including hydropectin as well as those ranging from 
protopectin to low molecular pectic acid, that mainly consist of D- 
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galacturonic acids that are linked in a chain shape are together 
called pectic substances, and they are contained in stems and leaves, 
potatoes, fruits, etc., in large quantities. 

Bacteria that actively decompose pectin often belong to the 
Bacillus subtilis group or ethanol-acetone bacteria if they are 
aerobic, and to butyric acid bacteria if they are anaerobic. According 
to the present invention, a medium prepared according to the Molish's 
formula (1939), which is comprised of 0.5 g of pectin (extracted from 
lemon or carrot), 0.05 g of potassium dihydrogen phosphate, 0.05 g of 
ammonia sulfate, 0.2 g of calcium carbonate, and 100 cc of tap water, 
is used, and the cultivation is carried out at 35 ± 5° C. 
© Cultivation of purple non-sulfur bacteria 
Photosynthetic bacteria are classified into three families: 
purple sulfur bacteria, green sulfur bacteria, and purple non-sulfur 
bacteria, each family further being divided into 13 genera, 6 genera, 7252 
and 2 genera, respectively. The bacteria that are mainly employed in 
the present invention are purple non-sulfur bacteria, and the present 
invention actively utilizes the excellent characteristics of these 
bacteria, that is, the ability to assimilate by preference low 
molecular organic acid, amino acid, alcohol, etc., that are generated 
by the decomposition of organic matter, the ability to decompose 
hydrogen sulfide, and the ability to fix the nitrogen in the air, and 
so forth. 
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For the cultivation of purple non-sulfur bacteria, a Hutner's 
medium (1046) is used as the base medium. This medium is prepared by 
dissolving the following ingredients in distilled water: K 2 HP0 4 : 0.05 
{%), KH 2 P0 4 : 0.05 (%), (NH 4 ) 2 HP0 4 : 0.08 (illegible), MgS0 4 : 0.02 
(illegible), lactic acid : 0.3 (illegible), butyric acid : 0.1 
(illegible), citric acid : 0.1 (illegible), Fe : 200 (r % [sic]), C 
[illegible] : 500 (illegible), B : 5 (illegible), Cu : 1 (illegible), 
Mn : 100 (illegible), Zn : 200 (illegible), Ga : 1 (illegible), Co : 1 
(illegible), and Mo : 5 (illegible), and then by adding 13.7 (ig of 
biotin and 600 mg of yeast autolysate to 1000 cc of the solution, 
followed by the adjustment of pH to 6 . 8 to 8 . 5 . 

Depending on the situation, part of the ingredients may be 
replaced by natural products. The culture is conducted at 25 ± 7° C 
for 48 to 72 hours under aerobic or anaerobic conditions with bright 
or dark lighting. 

© Mass production of the aforesaid facultative anaerobic or 

anaerobic bacteria 

Although natural products may replace part of the above 
ingredients in some cases, the mediums used here should be those for 
isolation or mass culture use for each type of bacteria. For 
thermophilic cellulose-decomposing bacteria, a single-stage continuous 
fermentation method is employed, while a multistage circulation-type 
continuous fermentation method is used for hemicellulose-decomposing 
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bacteria, pectinaceous substance-decomposing bacteria, and purple non- 
sulfur bacteria, thus mass culturing 800 to 1,000 L/day under 
facultative anaerobic or anaerobic conditions. 
2. Cultivation of aerobic bacteria, such as actinomycetes 
® Cultivation of actinomycetes 

Actinomycetaies [sic] are widely present in nature, and, 
especially in soil, they are found in many types and in large numbers. 
Of these, those that belong to aerobic, mesophilic, heterotrophic, 
saprophytic, and neutrophilic groups make up the major portion. 

It is difficult to generalize their functions in the soil. 
Together with other microorganisms, they play an important role in 
decomposing various kinds of organic matter, especially hard-to- 
decompose celluloses, lignin, etc., so as to produce humus, which is 
the basis of soil fertilization, and it is believed that they also 
have an important function in microflora control through the 
production of antibiotic substances. 

For the cultivation of actinomycetes, a Waksman's medium (1919) 
is used, which is comprised of 30 g of sucrose, 2 g of sodium nitrate, 
1 g of dipotassium hydrogen phosphate, 0.5 g of magnesium sulfate 
(MgS0 4 7H 2 0) , 0 . 5 g of potassium chloride, 0.01 g of ferrous sulfate 
(FeS0 4 7H 2 0) and 1,000 cc of water and whose pH is adjusted to 7.0, 
and strong bacteria are collected [illegible] from the soil or 
composts . 
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(D Cultivation of filamentous fungi and yeast fungi 
For the sake of convenience or for practical purposes, these are 
broadly classified into soil fungi molds and soil yeasts, but they 
both belong to Eumycetes according to systematic biology. All of them 
are organotrophs (heterotrophs) and use organic matter as the carbon 
source . 

The place where these filamentous fungi are found most often is 
the soil, as is the case with bacteria and actinomycetes, and the 
filamentous fungi in the soil are, of course, found more in cultivated 
lands in which there are plant roots. Especially in a rhizosphere, 
they become more active. They participate in the decomposition of 
organic matter, such as plant remains, etc., and is related to the 
degree of soil fertility. It is believed that filamentous fungi mainly 
function at the initial stage of decomposition, and they are then 
succeeded by bacteria and actinomycetes. 

Not much is known about the function of yeast fungi in the soil, 
but a considerable number of yeast fungi is present in the soil, and, 
in relation to the trace growth factors that they possess, the 
coexistence and [illegible] with other microorganisms, soil activities, 
etc., still remain to be elucidated by future research. 

For the cultivation of filamentous fungi and yeast fungi, a 
Czapek of Dox (1910) medium is used, which is composed of 2 g of 
sodium nitrate, 1 g of dipotassium hydrogen phosphate, 0 . 5 g of 
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potassium chloride, 0.5 g of magnesium sulfate ( (MgS0 4 7H 2 0) , 0.01 g 
of ferrous sulfate (FeS0 4 7H 2 0) , 30 g (as appropriate) of sucrose, and 
1,000 cc distilled water, and 15 g of agar is added to a solid 
[illegible] medium. The genera Mucorales, Aspergilli, Penicillia, 12 
Trichoderma, etc., as the filamentous fungi and the genera Hansenula, 
Torulospsis, Pichia, Endomycopsis , Saccharomyces , etc., as the yeast 
fungi are isolated from soil or compost and cultured. 

(D Cultivation of heterotrophic bacteria (putrefactive bacteria) 
As is the case with the decomposition of saccharides, to 
decompose proteins to convert them into ammonia is not a property 
specific to certain microbes but common to microbes in general. The 
present invention utilizes microbes belonging to the Basillus subtilis 
group. Numerous microbes that are generally aerobic and have spores 
that are highly resistant especially against heating and that are- 
found most widely in nature, including in soil, are named generically 
Basillus subtilis group microbes. 

The cultivation of Basillus subtilis group microbes is carried 
out aerobically with the use of a Waksman's (1922) medium, which 
consists of 1 g of grape sugar, 0.5 g of dipotassium hydrogen 
phosphate, 0.2 g of magnesium sulfate (MgS0 4 7H 2 0) , a trace quantity 
of ferric sulfate [Fe 2 (S0 4 )3 9H 2 0] , 0.25 g of egg white (powder), and 
1,000 cc of distilled water and whose pH is 7.2. 
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© Mass production of the aforesaid types of aerobes 
After a stock solution is formulated and sterilized, the 
aforesaid types of aerobes that have undergone isolation or mass 
culture are individually inoculated and undergo submerged culture or 
shake culture under a highly aerated condition. A single-stage 
continuous fermentation method at a rate of 300 to 500 L/day is 
employed. 

With respect to actinomycetes and filamentous fungi, their 
culture solutions are formed into a 1/3 to 1/10 dilution, to which 
nutrients are then added, and sprayed over a lightweight porous 
carrier, such as perlite, vermiculite, etc., and mixed well. 
Subsequently, cultivation according to the large-size Petri dish stack 
method or deposition- type batchwise method is conducted. The 
cultivation is carried out at a rate of 3,000 to 5,000 kg/day for 72 
to 85 hours by automatically adjusting aeration, temperature, humidity, 
etc., to the optimal conditions for the propagation of the microbes 
and for spore adhesion. 

The blending ratio here is generally 25 to 45 (weight ratio) to 
100 of the extender-carrier, and the appropriate quantity is 
determined through experiments based on its kind, especially its water 
absorbency . 
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3. Addition of special organic nitrogen sources, vitamins, and trace 
growth factors 

In high quality cultivated lands, regardless of paddy fields or 
dry fields, there is an astounding number of microbes on the order of 
10 7 to 10 9 /g. Of those, less than 15 % can grow with succharides and 
inorganic salts alone. The majority of microbes require amino acids, 
vitamins, and trace growth factors, such as VGFs (unknown growth 
factors), etc., in some form or another. Thermophilic cellulose- 
decomposing bacteria and purple non-sulfur bacteria are no exception 
to this. If these requirements are lacking, the continuous cultivation 
of thermophilic cellulose-decomposing bacteria becomes impossible, and 
purple non-sulfur bacteria stop propagating and start abnormal 
fermentation . 

Thus, the former trace growth factor is named VGF-OC, and the 
latter, VGF-p (also called groster [as transliterated] ) . These were 
newly discovered by the present inventors, and VGF-ot in a quantity of 
40 ppm or more and VGF-p in a quantity of 0.5 ppm or more are used for 
the culture of each type of microbe. 

Due to the reasons described in the foregoing, the following 
trace nutrients are also added to the soil activator of the present 
invention for the benefit of common soil active microorganisms. 
Vitamin Bi (thiamin) 1.00 ppm or more 

Vitamin B 2 (riboflavin) 5.00 ppm 



Nicotinic acid 800 ppm 

Vitamin B 6 (pyridoxine) 0.40 ppm 

Pantothenic acid 400 ppm 

Folic acid 0.2 0 ppm 

Choline 1 [illegible] 00 ppm 

Biotin 0.2 0 ppm 

Vitamin B i2 (cobalamin) 0.05 ppm 

Paraamino benzoic acid 500 ppm 

Corn steep liquor (CSL) 0.01 % or more 

Hydrochloric-acid-hydrolyzed defatted soybeans 

0.05 % or more 

4 . Preparation of extender-carrier /254 

Because the active microbes to be disseminated into fields here 
are in extremely small quantities compared to that of the soil, it is 
extremely difficult to disseminate them uniformly. For this reason, 
extender-carriers are necessary. 

As the extender-carriers, in addition to limestone powder 
(dolomite powder), are employed perlite, vermiculite, zeolite, diatom 
earth, bauxite, and the like, which are materials that are 
characterized by their ability to improve the physical and chemical or 
biological functions of the soil or to condition the soil environment. 

Focusing attention on the lightweight, porosity, and water 
absorbency, etc., of perlite, vermiculite, zeolite, etc., part of them 
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is also utilized for the aerobic culture in the propagation and spore 
adhesion of filamentous fungi and actinomycetes . Since this kind of 
inorganic material undergoes baking at about 1000° C or a strong 
chemical treatment, it is regarded as germ-free from the practical 
point of view, and there is no possibility of other harmful microbes' 
and weed seeds' being mixed in it. 

The following presents a table of components of major extender- 
carriers and describes their characteristics. 



TABLE OF COMPONENTS OF MAJOR EXTENDER-CARRIERS 



Items 


Perlite 


Vermiculite 


Zeolite 
(synthetic) 


Diatom 
Earth 


Silicic acid 


Si0 2 


74.55 


44.06 


45.94 


92.16 


Iron 


Fe 2 0 3 


0.71 


15.26 


1.67 


0.94 


Alumina 


A1 2 0 3 


15.43 


15.52 


27 .33 


2.01 


Lime 


CaO 


0.48 


2.03 


0.33 


0.46 


Magnesia 


MgO 


0.92 


6.61 


0 .79 


0.94 


Phosphoric acid 


P2O5 


0.25 


0.07 


0.11 


0.07 


Soda 


Na 2 0 


2 .05 


0.16 


10 .49 


0.17 


Potash 


K 2 0 


4.41 


3.82 


0.15 


0.61 



Items 




Basalt 
powder 




Olivine 
powder 


basalt 


Limestone 
powder 


Silicic acid 


Si0 2 


51 


.05 




46.90 


0.10 


Iron 


Fe 2 0 3 


6 


.42 




4.32 


0.02 


Alumina 


A1 2 0 3 


13 


.61 




11.46 


0.02 


Lime 


CaO 


10 


.07 




9.02 


54.40 


Magnesia 


MgO 


5 


.63 




14.47 


2 .90 


Phosphoric acid 


P 2 0 5 


0 


.50 




0 .17 


0.04 


Soda 


Na 2 0 


2 


.05 




1 .83 


0.05 


Potash 


K 2 0 


1 


.50 




1 .02 


0.43 



(1) Perlite 



This is obtained by baking obsidian, perlite, pitchstone, or 

[illegible] rocks of these at a temperature of about 1000° C so as to 
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make them porous, and it is snow-white particles that are extremely 
light, having a bulk density of 0.4 to 0.6. In addition, its water 
absorbency is extremely high, and it absorbs a large quantity of a 
culture medium at a rate of 350 to 400 % in terms of weight, thus 
providing an excellent habitat for aerobic bacteria. 

Even when it absorbs water, it does not [illegible] from 
softening, and, when mixed in the soil, its actions are not prevented 
by clay particles that adhere to its surface. It always maintains the 
maximum air permeability and improves the physical property of the 
soil into which it is mixed. 

Perlite has an acidity of from pH 7.0 to 7.5, and, with the 
combined effect of the aforesaid air permeability, it promotes the 
propagation of microbes after absorption and also alleviates the 
soil's acidity. Another important point is that, since perlite 
consists of a countless number of closed air cells, it exhibits an 
excellent heat insulation effect and thus prevents extreme temperature 
changes in the soil and sudden evaporation of water, which in turn 
improves the micro-climate of the plant rhizosphere and promotes 
propagation of soil microorganisms and normal growth of cultivated 
plants. Since perlite is lightweight, odorless, and nonflammable, it 
can be safely and conveniently stored, transported, and handled. 
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(2) Vermiculite 

Riddled vermiculite that is dried and then baked at about 1000° C 
is commonly called vermiculite. 

The table presented in the foregoing shows one example of it, and, 
like perlite, vermiculite proper contains potassium in large quantity. 
Another noteworthy characteristic is that the porosity of vermiculite 
is high. Accordingly, it has good water absorbency and water-holding 
capacity and also passes wastewater and air well, and, when it is 
applied to the soil, the soil develops a good crumb structure, thus 
providing habitats for highly developed microorganisms in great 
abundance . 

Furthermore, since vermiculite has an extremely strong base- 
exchanging property, it sustains fertilizers well and exhibits 
excellent ability for controlling excess fertilizers. For example, it 
exhibits a special effect on the prevention of magnesia deficiency /255 
caused by excessive potash. When used for horticultural purposes, it 
promotes the vigorous rhizogenesis of cultivated plants, and the hair 
roots enter vermiculite tightly, thus causing less damage when the 
plants are replanted. 

(3) Zeolite 

Since it eliminates water as if it were boiling when it is heated, 
it is also called Fusseki [boiling stone] . Zeolite is classified as 
hydrous amino silicates of alkaline or alkaline earth metals based on 



its chemical composition, and it is defined as the framework silicate 
group, which has an endlessly expanding three-dimensional network 
structure. Its general formula is given by (Na 2 , K 2/ Ca, Ba) [(Al, Si) 
02] n xH 2 0. Its water content is continuously eliminated, and part of it 
is converted back to water reversibly, and its most important 
characteristics are the fact that, after it is dewatered by heating, 
it can be utilized as a porous absorption [illegible] or molecular 
sieve and the fact that its alkaline and alkaline earth metals have 
high exchangeability. 

In spite of the fact that zeolite is produced widely in nature, 
when viewed from industrial applications, the use as zeolite 
"molecular sieves" manufactured by the Linde Co. (USA) makes up an 
overwhelming portion. Natural zeolite comes in various colors but can 
be made white easily by pulverization. Its major uses are found in 
paper making, as a filler for plastics, as an additive for detergents, 
and the like. In addition to the aforesaid characteristics, it has a 
catalytic effect, etc., and, taking these characteristics as a whole, 
it is also utilized as a deodorizer in pig farming and chicken farming, 
a desiccating agent, a wastewater-treating agent, and soil-improving 
agent . 

Incidentally, the component table shows a synthetic zeolite 
example prepared chemically from a natural product. 



(4) Diatom earth 

Diatom earth is a soft rock or soil that is composed of fossils 
of extremely small algae called diatoms that propagated profusely in 
past geologic ages. Dug raw material soil is sifted, washed with water, 
and dried, and then it is subjected to pulverization, or to baking 
after the drying, to produce a product. 

The main component of diatom earth is silicate, and its true 
specific gravity is 2.10 to 2.26, which is not much different from the 
specific gravity of pure silicate, but, from the structural point of 
view, since it has air trapped inside the diatom shells, it is highly 
porous, having a porosity of 80 to 90 %, and very light, with an 
extremely large apparent specific gravity of 0.22 to 0.28; thus, its 
physical characteristics are, for example, that it has a large volume 
per unit weight and that it has especially high liquid absorbency and 
is capable of absorbing and retaining water in a quantity that is 
approximately 3 times its weight. Furthermore, from the viewpoint of 
chemical characteristics, except that it is slightly affected by 
hydrofluoric acid and concentrated alkali solutions, diatom earth per 
se is little affected by chemical changes. When diatom earth is 
blended with powder fertilizers, etc., at a ratio of 3 to 5 %, the 
fertilizers, etc., have improved fluidity and do not form clumps; thus, 
it functions as an excellent extender. Furthermore, it has a heat- 
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retaining property and is useful for improving the micro-climate of 
plant rhizospheres . 

(5) Basalt 

Basalt is a general term for basic volcanic rocks, and, when 
applied in a broader sense, it may also include ultrabasic rocks. The 
present invention intends to utilize the powder of basic rocks or 
ultrabasic rocks, such as tholeiite basalt, olivine basalt, olivine, 
gabbro, etc . 

The reason for this is that the present inventors confirmed 
through experiments that, as shown in the component table, these rocks 
themselves are rich in magnesium and calcium, and the hydrogen ion 
concentration increases as they become finer grains; thus, their pH 
readily reaches the range of 11.6 to 12.0, which fact makes them 
useful for the improvement of acidic soil. Since these rock powders 
are readily obtainable from stone pits as waste products in quantities 
of tens of thousands of tons or more, they are utilized as the 
extender-carrier of the present invention. 

(6) Limestone (Dolomite) powder 

As seen in the component table, its main components are calcium 
and magnesium ions, which elute easily, and it not only becomes a 
source of nutrition for cultivated plants and soil active 
microorganisms, including thermophilic cellulose-decomposing bacteria, 
but also has the functions of adjusting the hydrogen ion concentration 
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in soil and of building soil crumb structures as well as the /2_ 
functions of making phosphoric acid in the soil available to plants 
and microorganisms, of releasing non- exchangeable potassium, and of 
preventing heavy metal damage in areas affected by mine pollution, 
thus rendering itself useful for creating good environmental 
conditions . 

5. Preparation of soil activator 

Lastly, one more important function of the extender-carriers is 
to suppress the water content of the soil activator as a whole to 7 % 
or less, thus preventing the effects of external temperatures and 
humidity so as to preserve spores and soil active microorganisms that 
are in a semidormant state as durable cells for a long period of time 
without degenerating them. 

According to the characteristics of limestone powder and various 
other kinds of extender-carriers, the utilization method of cultivated 
land, the physical and chemical properties as well as the degree of 
biological activity of the soil, the kind of cultivated plants, and so 
forth, the mixing ratios of other extender-carriers to limestone 
powder are determined within the range from 5 % to 7 %, and, 
furthermore, the particle size of each extender-carrier is determined 
according to the type and [illegible] of spraying equipment. Finally, 
taking into consideration contamination by harmful microorganisms, 
deterioration prevention and preservation of seeds as well as 
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economical efficiency of production control, etc., the form of the 
soil activator is selected from, for example, powder form, pellet form, 
pearl form, flake form, etc., based on an overall judgment. 

According to the present invention, a product in the determined 
form is prepared by adding, together with respective mediums, 
concentrated microbe solutions obtained by mixing anaerobic cultures 
or facultative anaerobic cultures of major microorganisms that are 
useful for the decomposition and humif ication of organic matter in the 
soil, that is, thermophilic cellulose-decomposing bacterial, 
hemicellulose-decomposing bacteria, pectinaceous substance-decomposing 
bacteria, purple non-sulfur bacteria, etc., with natural 
macromolecular coagulants (charge- transfer substances) that are 
suitable for these cultures; similarly prepared concentrated microbe 
solutions of aerobic cultures of yeast fungi and heterotrophic 
bacteria (putrefactive bacteria) ; and solid-form aerobic cultures of 
filamentous fungi and actinomycetes as well as organic nitrogen 
sources, vitamins, trace growth factors, etc., to extender-carriers 
that are mainly composed of limestone powder and by stirring and 
blending the mixture . 

The following presents one example raw-material composition. 
Composition ratio of the raw materials 

(to l,0 00.g of limestone powder) 

Concentrated bacterial solution of thermophilic cellulose-decomposing 
bacteria 0.3 g 



Concentrated bacterial solution of hemicellulose-decomposing bacteria 

0.3 g 

Concentrated bacterial solution of pectinaceous substance-decomposing 
bacteria 0.3 g 

Concentrated bacterial solution of purple non-sulfur bacteria 

0.5 g 

Solid culture of filamentous fungi 50.0 g 

Solid culture of actinomycetes 50.0.g 
Concentrated microbe solution of yeast fungi 0.7 g 

Concentrated microbe solution of heterotrophic bacteria 





0.3 g 


VGF-Ct 


50.0 mg 


VGF-p (also called Groster) 


20.0 mg 


Lutin 


10.0 mg 


Vitamin Bi 


1.2 mg 


Vitamin B2 


5 . 5 mg 


Nicotinic acid 


800 . 0 mg 


Vitamin Be 


0.5 mg 


Pantothenic acid 


400.0 mg 


Folic acid 


0 . 3 mg 


Choline 


15.0 mg 


Biotin 


0 . 2 mg 


Vitamin B i2 


0 . 1 mg 


Paraamino benzoic acid 


7 . 0 mg 


Corn steep liquor (CSL) 


0.5 g 


Hydrochloric-acid-hydrolyzed defatted soybean 


solution 
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0.7 g 

Perlite (for filamentous fungi and actinomycetes culture use) 

100.0 g 



Diatom earth 



30.0 g 



Vermiculite 



200.0 g 



Limestone powder 



1, 000 .0 g 



Thus, the following advantages can be listed as the excellent 
effects of the present invention. 

(1) By developing a new aerobic solid mass culture for soil 
filamentous fungi, actinomycetes, etc., and discovering VGF-ct and 
VGF-p (also called groster) , the present inventors made it possible to 
implement continuous culture of thermophilic cellulose-decomposing 
bacteria and also to prevent abnormal fermentation of purple non- 
sulfur bacteria, thus creating a new mass cultivation method for these 
microbes; as a consequence, they succeeded in the preparation of a 
soil activator that contained more than 42 strains of seeds 
that are considered to be the major microbes. Accordingly, when this /257 
soil activator [sic] is actively disseminated and propagated, thus 
artificially increasing its density and maintaining the succession of 
the soil ecosystem and the balance of microorganism phases, the true 
humification of organic matter in the soil progresses more reliability 
at higher speed and also naturally, which makes this invention a 
highly useful method for "soil preparation" in present Japanese 
agriculture . 



(2) The addition of special organic nitrogen sources, such as 
corn steep liquor (CSL) , hydrochloric -acid-hydrolyzed defatted 
soybeans, etc., and of trace growth factors, such as vitamins, VGF--OC 
and VGF-p (also called groster) , etc., and the inoculation and 
propagation of yeast fungi and purple non-sulfur bacteria have 
beneficial effects on the growth of a wide range of soil 
microorganisms, thus enhancing the advantage described in the 
aforesaid (1) . 

(3) The major components of limestone powder are calcium and 
magnesium ions, and it not only serves as an essential source of 
nutrition for microorganisms and cultivated plants but, at the same 
time, also exhibits effects as an indirect f ertilizer--f or example, it 
improves the physical and chemical as well as biological functions of 
the soil or conditions the soil environment, thus promoting the 
formation of crumb structures and preventing the fixation of 
phosphoric acid, which leads to the promotion of [illegible] of 
volcanic ash soil. 

(4) Whether an artificial inoculation method of soil active 
microbes like the method of the present invention succeeds or not 
depends on whether the conditions in which these microbes establish 
themselves and become active are created or not. Perlite, vermiculite, 
etc., which are disseminated as extender-carriers in large quantities 
together with limestone powder, are lightweight and porous and have 
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good water drainage and air permeability, and they also have high 
water absorbency and good water-retaining property. In addition, they 
have excellent base exchangeability, thus adjusting the hydrogen ion 
concentration, and promote the formation of crumb structures, thereby 
creating plenty of habitats for highly developed microorganisms. 

(5) Because the extender-carriers of the present invention are 
inorganic and chemically stable, they are useful for effective 
cultivation of seeds, and the soil activator that contains numerous 
spores and durable cells can endure long-term storage without 
deterioration . 

(6) Forming the soil activator of the present invention in a 
solid form and selecting its form from powder, pellet, pearl, flake, 
etc., forms facilitate and ensure the storage and dissemination of the 
soil activator. 

In some working examples in which the soil activator of the 
present invention was applied, the excellent effects of the present 
invention were further demonstrated. 

Working Example 1 

"Soil preparation u can be achieved by year after year of 
application of high-quality fully matured composts. Composts are the 
best material that has excellent overall effects on "soil 
preparation." The soil activator of the present invention also 
exhibits excellent effects on the maturing of composts. 



To 1,000 kg of rice straw were added 80 kg of the powder-form 
soil activator (perlite : vermiculite : limestone powder = 5 : 20 : 
100) and water, and the mixture was temporarily piled for 8 to 10 days. 
Next, ammonium sulfate or urea in a quantity equivalent to 1.2 kg of 
nitrogen was spread over the pile, and the pile was stamped on lightly 
while water was sprayed over it. In the middle of the composting 
process, the pile was turned once. The pile fermented well and 
finished the composting process in 45 days. The pile had thoroughly 
decayed, and the color of the pile as a whole changed to a dark 
reddish color. It was moist and crumbled immediately when pulled. It 
had a carbon content of 18.2. 

Meanwhile, controls were prepared by adding, in the place of the 
soil activator of the present invention, 80 kg of a mixture comprising 
perlite, vermiculite, and limestone powder in the ratio of 5 : 20 : 
100 or by adding nothing, and these controls were composted along with 
the pile to which the soil activator of the present invention was 
applied in entirely the same manner as the pile with the soil 
activator. As a result, the former control was in a halfway composted 
state, and the latter was dry and could not be regarded as a compost 
yet . 

The carbon content of the former control was 33.6 and the latter 
was 3 9.2. 
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Working Example 2 

This was an application test on a rice paddy. 

Test field: Mountainous region of Yokote City in Akita prefecture 

The field was about 300 m away from forest land. Every year, /258 
cow manure was added to the rice paddy at a rate of 1,100 kg per 10 
ares. The soil texture was normal. 

Test variety : Kiyonishiki 

Test scale : 10 ares per zone 

Test conditions : On April 27, 100 kg of the soil activator 
(vermiculite : limestone powder = 10 : 100) of the present invention 
was spread to the application zone. Other than this, the following 
manuring practice was carried out for both application zone and 
control zone under the same conditions. 

Tenpi [as transliterated] : 40 g of rin-ka-an [as transliterated] 
composite (2, 8, 4), May 6. 

Tilling: May 7 

Rice planting : May 22 

Additional fertilization : Urea was applied four times, 18 kg 
each time, only to the control group. 
Harvesting : October 5. 

Root taking and initial growth proceeded well both in the 
application zone and control zone, showing no difference from other 
rice paddies. However, once a high- temperature period started in the 



latter part of June, the difference between these two zones was 
clearly discernible. The application zone had little gas generation, 
and the [illegible], stems, and leaves were all thick and long, and, 
because of the concern for straight head and lodging, no additional 
fertilization was carried out for the application zone. In spite of 
this, the plants divided and grew strong, and the ear emergence was 5 
to 6 days earlier, showing no lodging. 

The test result was that, when harvested on October 14 [sic] , the 
net yield of the application zone was 776 kg, and that of the control 
zone was 639 kg. Thus, the application zone had about a 21 % yield 
increase. 

Working Example 3 

The following was an application test on greenhouse culture in 
Miyazaki prefecture. 
(1) Tomatoes 

Land that experienced bacteria wilt and root rot a year before 
was selected for the test. Prior to furrowing, the pellet-form soil 
activator of the present invention that was mixed with a base 
fertilizer, which was an organic fertilizer (about a three-month-old 
pile mainly comprised of wild grass, fallen leaves, etc.), and with a 
compound manure was applied in a quantity of 100 kg per 10 ares. 
Sterilization and other manuring practice were carried out as usual. 
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Bacteria wilt and root rot, which occurred the previous year, did 
not occur at all. 

The fruits were fresh and had a good color, and the yield 
increased 4 % or more, thus proving that the soil activator of the 
present invention makes continuous cropping possible. 
(2) Cucumbers 

The application was carried out in the same manner as with 
tomatoes. Cucumbers grew wonderfully, having no disease occurrence. 
The cucumbers were thick, long, and uniform in shape, with no bending. 
They were also produced in a larger quantity, and the yield increase 
was 30 % or more. Their quality was also excellent, and they could be 
sold at a price about 2 0 % higher than those of other areas. 

The material composition of the soil activator applied in this 
test was vermiculite : limestone powder = 40 : 100. 
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